Antimony dimercapto-succinate (TWSb) has been introduced in recent years for the treatment of the three main types of human bilharziasis. Preliminary pharmacological studies indicated reduced toxicity compared with the older antimonials (Friedheim et al., 1954). In view of the known cardiographic changes following the use of other trivalent antimonials, the effects of this new preparation were studied.
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A. DAVIS Changes in the T Wave. All patients showed inverted T waves in one or more leads. Those who had iso-electric or inverted T waves before treatment showed the onset of frank inversion or an increase in the amplitude of inversion. Inversion commenced at different times during treatment, bore no relation to the amount of antimony administered, but was of maximal amplitude on the last day of treatment or during the first three days after treatment. Inversion was maximal in extent and amplitude in the right unipolar prwcordial leads and the common pattern was one of progressive inversion from right to left across the chest leads. Four of 19 patients showed inversion of the T wave from VI-V6 during treatment (Fig. 1) ."-P%.
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DisCUSSION
The effect of different preparations of trivalent antimony on the human electrocardiogram has been well documented, usually in studies on bilharziasis (Mainzer and Krause, 1940; Schroeder et at., 1946; Tarr, 1947; Rowland, 1956; T'ao, 1957; O'Brien, 1959; Honey 1960; and (Brink, 1951; Powell, 1959; and Turner, 1959) , and various sv.
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group.bmj.com on June 24, 2017 -Published by http://heart.bmj.com/ Downloaded from theories have been advanced for its causation. Precordial T wave inversion in children is a normal finding (Goldberger, 1953) . Uncomplicated Schistosoma mansoni or Schistosoma ha?matobium infections do not cause electrocardiographic changes, and thus there can be no doubt that the changes in the present group were due to the drug. These changes did not differ from those previously described with the use of other therapeutic trivalent antimonials.
The exact cause of such changes is unknown. Mainzer and Krause (1940) thought that the T wave changes were due to the toxic action of antimony on the heart muscle. Tarr (1947) considered they represented alterations in the electrical activity of the ventricle probably due to a temporary deposition of antimony in the myocardium. Magalhaes and Dias (1944) suggested that dilatation of the capillaries of the coronary system with resultant diminution in the effective cardiac circulation was responsible. T'ao and Huang (1952) , quoted by Huang et al. (1960) , initiated the idea that antimony accumulation in the myocardium caused suppression of intracellular enzymic activity with impaired cellular respiration causing a "functional disturbance" of the heart. Huang et al. (1958) proposed a nervous reflex mechanism mediated through the vagus as a causal factor in the dysrhythmic complications of antimonial therapy. However, they did not deny the local effects of antimony on the myocardium and concluded that both mechanisms played a part in their pathogenesis.
Disturbances of the sympathetic nervous system or of myocardial electrolyte balance have also been invoked as" etiological agents. Brady et al. (1945) demonstrated deposition of antimony in the thyroid glands of dogs after injection of radioactive tartar emetic, and minute amounts of the metal were noted in the atria. In other species, Franz (1937) and Bradley and Fredrick (1941) found pathological changes in the myocardium after antimonials. The work of Bartter et al. (1947) suggested that while injected antimony was rapidly cleared from the blood stream and a proportion quickly excreted, the residuum was dealt with much more slowly. Thus, circumstantial evidence has implied temporary myocardial damage from accumulation of toxic trivalent antimony as the cause of electrocardiographic abnormalities.
In the present group of cases, the time of occurrence of maximal electrocardiographic change and the fact that the changes were largely reversible over a period of weeks, which roughly paralleled the excretion rate of residual antimony, indirectly supported this concept. Hence it can be stated that cardiographic changes occur after all types of therapeutic trivalent antimonial drugs and after widely varying amounts. Naturally, some preparations produce a greater number of changes than others, probably depending on the ease with which antimony is liberated from different compounds (Tarr, 1947) . It should be noted in passing that cardiographic changes following pentavalent antimonials are much less, these compounds being less toxic than the trivalent ones.
The reason for the predominance of changes in the right unipolar prxcordial leads was unknown. Brink (1951) produced inverted T waves at this site in healthy people by cooling the chest wall, and Brink and Goodwin (1952) showed that small superficial areas of muscle damage in the anterior myocardial wall produced cardiographic effects comparable with those of the cooling proceedure; they suggested that slight muscle damage may result in extensive T wave changes, and that when these were the only cardiographic evidence of muscle damage, the lesion was probably not large and only superficial. Although changes in the T wave and Q-T interval are often non-specific, in the present context they were presumably compatible with temporary superficial myocardial damage. The prolonged QTc occurred with a normal QRS and represented an increase in the time taken for the stimulated ventricles to return to normal.
Agreement has not been reached on the clinical significance of the cardiographic changes after antimonials, one school regarding them of small import but another viewing their appearance with suspicion. Although their significance may perhaps be minimized in relatively healthy Europeans, many indigenous inhabitants of the tropics suffer from multiple pathological conditions, and in these patients the changes should not be dismissed lightly. Sudden death (Khalil, 1928) , acute circulatory failure (Talaat and Shoaib, 1947) , ventricular dysrhythmias, and Stokes-Adams attacks (T'ao, 1957; and O'Brien, 1959) have all occurred during antimony treatment, and bore little relation to preceding electrocardiographic change. The exact cause of death was probably ventricular dysrhythmia and the relationship to antimony treatment was well established. For many years exercise has been known to be a precipitating factor in such cases (Khalil, 1928) . In the present series patients were confined to bed for two hours following injection, after which they were allowed to take part in light ward activities. One patient showed transient ventricular extrasystoles and another had a syncopal attack: examination ten minutes after the attack showed no abnormality.
Thus, although antimony dimercapto-succinate may be less toxic than older antimonials, similar electrocardiographic changes occurred, whether patients were treated intramuscularly (Friedheim etal., 1954) or intravenously. These changes were maximal at the end of the period of treatment and probably represented temporary superficial myocardial damage. Advice given to children or adolescents to avoid exercise may not be obeyed, and young patients should not be discharged prematurely from hospital or out-patient surveillance. As it was impossible to predict which patients would show changes on treatment or at what dosage changes would appear, electrocardiographic control should be exercised when possible. This is a counsel of perfection in tropical practice where facilities are commonly lacking, and thus the safeguards introduced for use with other antimonials should be applied, i.e. avoidance of intensive treatment in underweight or malnourished patients, avoidance of antimonials in the presence of clinical heart disease, hepatic disease, and renal disease, and a six-weeks interval between courses of treatment. It was encouraging to note that hard physical labour after intramuscular courses of TWSb appeared to have no deleterious effects (Friedheim, 1960) .
SUMMARY
The effect of antimony dimercapto-succinate on the electrocardiogram of African children and adolescents was investigated. The changes that were found resembled those caused by other antimonial drugs. The importance of damage to the heart during antimony treatment is discussed.
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